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Description 

Thjs invention relates to a three-d.imehsional mufti- 
chip module and. more particularly,, to a tfiree<limen- 
sional multi-chip. module haying stacked semiconductor 
chips:""^' ■ " 'r-; " ^ * '"' " ;y ~ ■ : ~ ■ 

A typical example of the three-dimehslbnal multi- 
chip module is disclosed in Japanese Patent Rubiication 
of Unexamined Application No. 61-101067, and figure 1 
illustrates; the prior art threeKJimensipnal multi-chip 
module. 

. The prior art three-dimensional multi-chip module 
largely cbnpirises chip carriers la. lb, 1c arKi Td and 
seniiconductor chips 2a, 2b. 2c and 2d respectively 
mounted on the chip carriers 1a:tp Id. Gondiictive pat- 
terns 3a, .3b, . 3c and 3d and cerarnic plates 4a, 4b, 4c 
and 4d form the chip carriers l a to Id.^arid the pads on 
the semiconductor chips 2a to 2d are respectiyeiy con- 
nected through bonding. wirings 5a. 5b. 5c and 5d to the 

..conductive patterns 3a to 3d. The conductive patterns. 
4a to 4d ai'e identical in arrangement to one another. 

A static random access memory device is fabri- 
cated on each of the S0mic6nduct6r chif^ 2a to 2d. and 
an address: signal, a data signal and pontrol signa|s are 
similarly : assigned to the pads on the semrconducrfor 
chips 2a to 2d. The bonding wires 5a to 5d simi!ariy con- 
nect the pads to the conductive strips of the patterns 3a 
.to 3d; and the address signal, the data signal and the 
cphtroi sigrials except for^the chip^nab^e sj^^^ are sup- 

. plied to arid from the corre^pnding cpndi^^c^^^ of 
the pakerns 3a to 3d; For- exarnple,^^ contrpL sigrial is 
assigned. to pads 6a, 6b, 6c and 6d of the sernicpnduc- 
tor chips 2a to 2d, and; the conductive strips 7a; 7b* 7c 
and 7d ai'e located in corresponding positions in the pat- 
terns 3a to 3d. . 

The semiconductor chips 2a to 2d and the bonding 
wires 5a to 5d are covered with nrloldirig i:esin 8, and the 
conductive^ patterns 3a to' 3d are coatekf with spider 9. 
The chip carriers 3a to 3d are successively stacked, iapd 
the solder 9 is riqf lowed: the spider 9 fixes the chip car^ 
ri(^$.3a to :3d. and the chip carriers 3a to 3d are fabri- 

;1[^ted" into" the prior- art threerdiirierisjbrtai- 
module: " • , V":. 

When the chip carriers 3a to 3d are stack^. the 
corresponding cprxjuctive strips such as 7a. to 7d , are 
sequentially corinectiki .to one another, au^ propa^^ 
the address, signal, the data signal and;,the oDtitr6l sig- 
nals to arxJ from the static random access mennbry 
devices. 

Another prior art thre&dimensional multi-chip mod- 
ule is disdosed in Japanese Patent Publicati'on of Unex- 
amined Application No. 2-310957. Rgiire 2 illustrates a 
semiconductor device serving as a component unit 10 
of the prior art multi-chip module, and figure 3 shows 
the prior art multi-chip module cfisdosed in the Japa- 
nese Patent Publication of Unexamined Application.. 

The component unit 10 comprises a lead-frame 
1 0a. a semiconductor chip 1 0b mounted on the tub 1 0c 
of the lead-frame '10a and a plastic package lOd for 



sealing the s^iconductor chip i Ob: The semiconductor 
chip 10b has pads, and bonding vyires lOe and lOf elec- 
trically cmnects the pads to leads lOg and 1 0h of the 
; iead^frame ioa. 
5 . The ttrit) 10c and, accordingly, the semiconductor 
i^ip TOb afe oblique to tiie/i^^ 
lower surface^ 1 0j. of the^ pfeistic package 1 0d^ and the 
leads 10g and l6h project from the lower surface lOj 
. and the uppW surface 10i, respectively. The lead l6g is 
to twice bent on tiie lower suriace l Oj and the upper surr 
. f^ce lOi. and forms projections 10k and lOrh ph .the. 
lower and upper surfaces 1 0j and 1 01.. respectively. 

Similarly, the lead 1 0h is twibe bent on the upper 
surface 1 Qi arid the ioWer surface i Oj. .arid fbrms projec-^. 
IS tiohs iOn and lOo on the upper arid lower surfaces lOi 
and 10j, respectively.; - ^ 

VVhen the cohnponent units 10 are stacked as 
shown in figCire 3. the projections: lOn^^ 
conriponent pnit -IO are aligned with the. projecti9ns^ 
20 lOk/IOn of the upper component unit 10, and signals 
are propagated through the projections , 
. 1 Ok/1 Om/1 On/1 Qo between the component units 10^ 

The fii'st prior art three^imerisional multi-chip mod- 
ule encounter a problem in th^ total thickheiss; Ais. 
25 shown in'figure 1, the chip carrier 3a/3b/3c. is ih&elrte^ 
between the tvvb semicbndui^^ 
2c/2d. and tiie chip cani^s 3a to 3d are thicker ^^^^ 
semiconduptpr chips 2a to 2d: The chjp carriers 3a to 3d: . 
are siriply stacked on one anpther; and the fir prior art 
30 three-dinieh^onal nriuttiKihip module is mprerthan fotir.. 
times thicker than the chip carri 
. reason, the. first, prior art three<lintensi6nal iriu 
module is much thicker thsmithe tptar of the f6ur semi- 
conductor chips 2a to 2d, and the tiiick module sets a 
35 limit on the packaging density on a board. 

The second prior art three-dimensional multirqhip 
module also encounters the problem^ Although tiie ; 
oblique lead-frame 10a decreases the area on a board 
occupied Iby the second prior art three^imenslonal 
.40 multi-chip module, ti^^^^ 

: much thicker than the;Semiconduc^ 1 0b, and the 
; , . s^ 

nriticH thicker tiiiah the total of the seniiconductor chips 

45 ;.it;is therefore^€^ of the present 

■ / inyehtipn to a three-dimerisional multi-chip 

module Which is thin enough to increase the packajging 

dervsity on aboard. . 

Tp adcdrrplish the object the present invention pro- 
50 poses to. directiy stack semiconductor chips with one 

another. • 

To accomplish the object, the present inventor fur- 
ther proposes to remove a revei^e surfape portion of a 
semiconductor chip after assembfage with a carrier. 
55 In accordance with one aspect of the presentlnven- 
tion. there is provided a three-dimensional multircfiip 
module comprising: an insulating carrier indudng. a . 
.itiajor surface, an outer surface and conductive means 
exposed to the major surface and the outer surface; a 
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Stacked semiconductor bhip stmct^ . 
insulating carrier, and including, a plurality of sennicon^ 
ductor chips each hayirig an integrated circuit arid con- 
ductive pads formed in a peripheral area th«;eof and 
ei0ctrically, connefcted to the integrated, circuit and at 5 
r^si We insulating^ad oompbuiid layer inserted . 
between . a centrai area of one of the jf^lurality of semi^ 
conductor chips and a^central area of another of the plu- 
rality of seniiconductor c^iips; and ebnductiyd wires 
connecteci between the co^ pad^ of;the plurality 10 
of serniconducftor chips and the Conductive mesuis of > 
the insulating carrier. 

In accordance with auiother aspect . of t^^ 
thyehtion, there is provided a. three-dim^sional.mUltir 
chip module comprising: a plu is 
rhembers laminated on each other, Qach of the plurality 
of ihsulatihg carrier mernbers having a first inner sur- * 
face.: a second inner surface defining ari j^^^ ap^ 
outer surface artd conductive meahs e)^osed to the first 
inner surface and the outer surface; ia . 20 

conductor chips each accomrnodated in th0^ t^^ 
each of the plurality'Of semicK)nductbr chips having c^ 
ductive pads formed oh~ a fii^t surface portioii, an inte- 
grated drcuit formed in the first slirfacec portion and a 
second siiiiace portion removed thei'^from; and a plu- 215 
rality of sets of eonductiye wires eacti: conheicted 
between the. corlductive p^ds G^^^^^ \ 
sehfiicohductbr chips and the condbctive means of one - 
of the plurality of insulating: 

. Ih .accprdance with . yet another .asp^^ of the . 30 
present inveritioh. there is provided a process of fsibri- . 
eating a three-dimerisiohal multi-chip rtiodule, compris- 
ing thie steps of: a) preparing an insulating carrier 
including a major surface, an piiter sur^ce and conduc- 
tjve.means eMcppsed to the major surface and the outer . 35 
surface;, b) rhbunting a semiconductor chq3 on the insu- 
lating earner, the sertiicoriductor chip havi^ . 
area, a peripheral area around the central area and con-r . 
ductive pads electrically connected to ah integrated dr- ; 
cuit jand ex(x>sed tb^the peripherar sirearc^^ ^0 
the coTKiuctive pads to^the^^^^ through 
.conduetive wires; d) coatihg the ceirtral area an ; 
adhesive compound layar; e) pla|dng;another semicbn- - 
ductoir. chip.on the adhesive a>rripound layer, ahotfier 
serni conductor chip having^ ^ a peripheral 45 

are^ around the central area arfci conductive pads - 
iexposed to the peripheral area; and, f) connecting the 
conductive pads* of the another semicoiidlictor 
the' cphdiictive meahs through conductive .wires; and g) 
repieatihg the steps d), e) and f), if necessary. so 
\ In accordance with still another .aspect of the 
present invention, there is provided a process'of fabric 
catirig a three-dirherisiohal mufti-chip 
ing the steps of: a) preparing, a plurality of insulating . 
carrier members, each having a first inner surface, a ss . 
second inner surface defining ah operiing, an outer sur- 
face and coriductive nheahs exposed to the first inner • 
surface and the outer surface; b) accommodating each 
of serniconductor chips in the opening of one of the plu- 



rality of insulating canrier members, each of the pluralit/ 
of semiconductor chips having oonduc^e.jdadis fonried 
on a iirst surface portion thereof received iri the opening 
and a second surface portion projecting from the open- 
ing; c) connecting the conductive pads of each of the 
plufsUity "of seirhiOT conductive 
. nrieans of one of the plurality of insulating carrier 'mem- 
bers through conductive wires; d) removing the second 
surface portion of ttie aforesaid each of thie plurality of 
semicohdudtor chip^ so as to perfectty acbpmrhpdate 
tiie aforesaid each of ^ the plurality of sernicondiJClor 
dhips in the cavity of the aforesaid one of the plurality of 
. insulating carrier menlber; and e) stacW 
of insulating carrier members in such a manner that the 
; condu<dtive means of one of the plurality of insulating 
carrier members are electrically connected to the con- 
ductive rneans of another of tile plurality of insulating 
carrier members. . ; : 

The features and advantages of the three-dimen^ 
\ sional multi-chip module apcprding to the present inven- 
tion wiir be more clearly understood frO the fbllovying 
description taken in Qonjunctjon with.th& aqppmpanying 
drawings in which: . 

Rg, 1 is a cross sectional view showing the struc-. 
. tufe of^e first.pripr art stadced multi-qhip module; 
Bg, 2 is a c^oss sectionai view showing the struc- 
ture of the prior art component unit; \ ' ' - 
, Fig. 3 is a . side view showing the:secohd prior art 
stacked multi^^hip module; ,. . 
R^: 4 is a cross sectional view sh 
ture oif a three-dimensional multi-chip .rnodlile 
. according to the present invention; 
Rgs. 5A to 5E are cross sectibnair views showing a 
. process sequence for fabricating ttie. three^imen- 
sional multi-^hip module .shown iri- figure 4. arid 
according to the present iriventi'ori; 
. Rg. .6 is ia cross sectionafview show 
. if icatiph of the threjB-diitier^ rnulti-chip module^ 
Rg. 7' is a .cross, sectional ^ view showing a. second 
niodifjcation%bf the threeKitmi^ 
: . ^modul^; ■ ■ 

Rg. 8 is a cross sectioiiai yi.ew; showing the struc- 
. ture of another three<i.imerisionai mufti-chip nxxl- 
uje accordfng to the present ir^^ 
/ RgSi 9A $0 9E are cross sectional views showing a 
process ^sequence for fabricating the three-cfimenr 
sional multi-chip module according to the present 
invention; . 
' .Rg! 10 is a cross sectional view showing .a modifi- 
cation of an insulating carrier member; 
\ Fig.' 11 is a side view showing the structure of a 
three-dimensional : multi-chip module using the 
insulating carrier member; 
* Rg. 12 is a plan view showing an insulating carrier 
member for accommodating a plurality of semicon- 
diictor chips; 

Rgs: i 3A to 1 3H are cros^ sectional views showing 
' a process, sequence for fabricating a three<iimen- 
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sionai multiK^ip module acconjing to the present 
. invention; and 
Fig; 1 4 is a plan view shOMnhg a Reparation stage of 
the. process sequence illustrated in figures 13A to 
13H. 

First Embodirhent \ / - . . 

Referring to figure 4 of the drawings^ a thriee-dlmeri- 
sionai multi-chip mddulie embodying the fDresent Inven^^ 
tion largely Qomprises a stacked semiconductpr chip 
strudture.2i; an insulating carrier 22, bonding wires 23 
and syrithetic resin 24. The sted<ed seniiconduclpr chip 
; structure 21 includes four senriiconductor chips 21a, - 
21b, 2lc and 21d and insulating ad^ 
layers i21e» 21f and 21g Inserted between the semicon- 
dufctor chips 2ia to 21d An integrated dreurt is fabri- 
cated on each of the semicprducldr chipis 2ia to 21d. 
arid arr^^ of pads 21h/21i are^formed in the peripl:ieral 
areas of ttieu|!^er surfaces of the sernic^nductor chips 
21 a to 2idi High-purity organic cornpound or high-purity 
inorganic compourid forms the insulating adhesive com- 
pound layei^ 21e to 21g. Epoxy resiW.and Alunrtiha are - 
avajiable for the insulating adhesive compound layers 
■21.e.to21g/ 

In this instance.- the: sferniconductdr chip^ 
21a/21b/2l c/ 21d ranges fro 100 micrpn. thick to 200 ' 
niicron thick, and the insulating, adhesiye compound 
layer>21e/21f/21g falls within the r^nge ; betvyeen 25 
micron thick to 1 00 micfdn thick, The stacked semicon- 
ductor chip^tructure 21 is 1.0 to 1.5 millimeters inthick- 

-'neSS;- ' A' -^V ' ' : * : • 

A cavrty 22a is formed in the insulating carrier 22. 
and cx)nductive through-holes' 22b are formed on the . 
/end sgrfeces of the insulating carrier 22. The depth of 
the cavity 22a is equal to. or greater than the height of 
the stacked serraconductor chip structure 21. . A conduc- 
tive pattern 22c is fiirther formed on the bottom surface 
of tihie insulating carrier i22. and contaihs cppductive 
strips 22d, 22e and 22f. The conductiVe strips are selec-, 
tively corinected to the conductive thrptigh-hofes 22b. 

The stad<ad seniiconductor i^ip structure 21 is 
acconl'modate^^ and' the semiconduc- 

tor chip 21a i4 fixed to th^ conductive strip 22f. 

The bonding wires^ 23 are fbrn^ and are 

25 midcohs in diameter. The arrays^^l^ 211 
are connected through the bonding wires 23 to the con- 
ductive p^ern 22c. In this instance, the semiconductor 
chi|::» 21a to 21 d have respective integrated circuits 
kientical with one another, and the arrangement of pads 
21h/21i is identical between the semiconductor chip>s 
.21a.tp 21d. For this reason, the pads 21 h are connected 
through the respective t>oncfing wires 23 to the conduc- 
tive strip 22e. and.the pads 21i:are also connected, 
through the respectivid t)6ncfing wir^ 23 to the coriduc- 
tive strip 22e; ' - 

The synthetic resin 24 if ills the cavity 22a, and -the 
stacked sernicoTKluctor chip structure 21, the conduc- 
tive pattern 22c and the landing wires 23 are hermeti- 



; cally sealed in the synthetic resin 24. In this instance, 
the synthetic resin is exopy. 

Thus, the insulating^^rrieir 22 with the cavity 22a is 
desirable for the: stacked Triulti-chip module, because 
5 the syntfietic r^iri 24 fixes tfie tjonding wires 23. How- 
" \ everrthe '^^^ 

be mounted on an insulating.carrl'er without a cavity. 

Description is hereinbelow made on a process of 
fabricating the stacked multi-chip module enrdxxiying 
10 tfiepreserit invemjoh withrefereriQetdfigur^^ 

The process sequence starts with preparation of the 
insulating carrier 22. The Icwest semiconductor chip 
2ia is mounted on the conductive strip .22f. and is fixed 
thereto as shown in figure 5A. . / 
IS Siibsequently. tiie pads 21h/21i are electrically con- 
nected through the bonding wiries 23 to the conductive 
strips such as 22di^2e of the conductive pattern 22c a& 
shown in figure 5B; 
: . Theceritrai:area 6f;thetpps^ 
20 I ductor chip 21 a is coated with the adhesive 
compound, and is overlain by the ihsujating adhesive 
cbmcK)und layer 21 e, T^^ 
. plaoed^pn the.ihsulating^dhesive cbm 
and the insulating adhesive compound lay^r 21 e fixes 
25. the semicoriduddr chip 21b to the lowest semiconduc- 
: tor chip 21 a as shown in figure 56. , 

: The wireTbonding. the coating with the insulating 
adhesiye C<x>niipourKj layer and the stacking with the 
semiconductor chip are repeated so as to pp^^ the 
30 stacked semiconductor; chip structure: 21 in the cavity 
22a..-- -v •.' \o • ■ 

Rnaljy, the; insulating synthetic resin fills the cavity ^ 
22a. arki the stacked semiconductpr :ch^^ 
the <x>nductive pattern 22c and the bpndih are 
35 hermetically sealed in the insulating synitietic resin 24 
as shown in f igure.4. 

In this instance, the conductive pattem 22c a^ 
thrbugh-hples 22b as a whole constitute conductive 
' means. 

40 The depth of the cavity 22a is slightiy larger than 
\ the height, of the stacked sen^ 

21, and. the thfeeKiimensional huj 

. according to the present invention is thinner than the 
first and secorid prior art three-dimensional multi-chip 

45 jTK>dLdes. For tfits reasoti, the three-dirnensiohal multi- 
. chip mpdiile according to the present invention is inte- 
grated on a mother board at high packaging density. 

Moreover, tiie repetition of the stacking with the 
semiconductor chip 2fa to 21d. th^ w and 

so the coating with the adhesive compound 21 e to 21g 
results in the stacked semiconductor chip structure 21 . 
arxi the fabricatipn process is. extremely simple. The 
. simple fabrication process decreases the production . 
cost and increases the production yield. [ 

55 Figure 6 illustrates ' the first, modification of the 
three-cfmensional multi-<iiip:modUle according to the 
present invention, Although ari insulating carrier 25 is 
different from the insulating carrief 22. a stacked semi- 
conductor, chip structure 26^6f the first mocfification is 
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identical with the stacked seitiicond 
21 , and the component layers sire labeled withjthe same - 
references as the corresponding layjers of the stacked 
senTicoilductor chip struck 

, The inw^uM^^ „ s 

tern 25a fbrmed on a bottbm surface defining a cavity 
25b together with an inner side surface, and conductive 
strips: 25c,. 25d and 25e form parts of the conductive 
pattern i25a. The pad arrays are connected to the conr 
ductiye strips of the pattern 25a through bonding wires io 
27, and the cphdudive pattern 25a. the stacked semi- 
conductor, chip, structure 26 and the bonding wires 27 
are sealed in synthetic resin 28. > . 

The insulating carrier 25 further includes a t^all grid 
array 25f formed on the reverse surface of the insulating is 
canier 25, and the spider balls of the grid array 25f are 
: seledtively connected tb the cortductiye strips of the j3at-' 
tern 25a. The conductive p>attern 25a and the ball grid 
arriay 25f as a whole (X)nstitute conductive m^ans. The 
ir^ulating carrier 25 i? mounted on.a mother board (not 20 
shown), and the bajl grid array 25f provides a large 
number of signal paths to the semicondvictor bhi^ 21a. 
•1d'21d: :- : - ■ ■ ' ' 

if through-hoies electrically connected to the ball 
grid array 25f are further formed o^^ • 25 

the insulatirig carrier .25' the insulating carrier 22 is lam- . • 
inated brii the insulating carrier 25. and signals are sup- 
plied ttirbugh th^ thrdugh-hdes to the stacked 
sernleohdudbr chip struii^ure 21 acOT in the 

insujating canier 22 . bf . course^ anoth ifisiilating carr 30 
rier 22 may be ^jrther IsuTiinatied oh the ihs^^ 
•:22:."'.- / *■ ' /: / • * : . ■ ' ^ ' . - . . 

Figure 7 illustrates the second modification of the 
three<)imerisional multiTchip module according to the , 
present jnvehtipn. The second modification also com: ^s. 
prises an insulating carrier 29. a stacked semiconductor 
chip structure 30. tending wires 3l. synthetic resin 32 
and a heat sink 33. The stacked semiconductor chip 
structure 30, the bonding wires 31 and the synthetic 
resin 32 are similar to those of the first embodiment, and 40 
description is focused on the insulatirig carrier 29 and 
the heat sink 33 only. ; 

The Jnsulating carrier 29 incliMeis . 
ber: 29a and a partition' wall member 29b. and the side 
wall rhember 29a and the partition waJI mernber 29b 4s 
define an upper cavity 2?c arxl a jower cavity 29!d. An 
aperture 29e is forrned in the partition wall menrtoer 29b. 
and is slightiy wider than the lowes) semiconductor chip 
'30a. . ': • 

The insulating carrier 29 further includes a cbrkluc- so 
tive pattern 29f selectively ^nhected to the pads of th^ 
semiconductor chips, and the conductive pattern 29f 
fornis cbriductive means together with ttirough-hbles 
29g. - ~ . ■ - • 

' The lowest serrvconductor chip ,30a is placed in the ss 
aperture 29e. and ti:ie heat isink 33 is iattached to the 
reverse sur^cie of the lowest serraconductor chip 30a. . 
The insulating- carriers 29 may be laminated on one* ■ 
anotiier. 



Second Embodiment 

. . • . y . . ■ ; .. . ^ • 

Turning tb figure 8 of the drawings, another- three- 
. dimensional multi-chip module embodying the present 
. inyeMon larg insulating car- 

rier members 41a, 41b, 41c and 41 d laminated on one 
another, a plurality of semiconductor chips 42a, 42b, 
42c and 42d supported by the insulating carrier m'em- 
bers 41a to 41d, respectively, bohdingwiros 43. and syn- 
thetic resin layers 44a. 44B. 44c and 44d. 

^The insulating carrier merribers 41 a to 41 d are sim- 
. ilar in structure to one another,^ and an InsMlatirig side 
wall and Ian insulating bottom plate merged with the 
insulating side wall form; a recess 45 in ieach of tile insu- 
lating carrier members 41a to 41d. An aperture 41e Is 
formed in ttie bottom plate, and is slightly wider than the 
semiconductor chip 42W42b/42c/4^d.^ 

The insulating carrier member 41a to 41 d f uVther 
includes a conductive pattern 41 f and conductive 
through-holei 41g. Gk:)nductive;strips form the .conduc- 
tive pattern 41f. and are seleic^ively connected to. th 
' conductive through-holes 41 g. 
■ Eaehbf theseririiQonductorchips42a to4 
upper surface portion 42e and a lower surface portion 
42f. An integrated circuit is formed jri the upper sur^ce 
. portion 42e, and conductive pads are. fprmed on the. 
upper surface portion 42e: i>ie upper s portion 
42e is approximately equal in thickness to the insulating 
bottbn) plate of the insulating carrier meiT±)er 4ia to^ 
41d, and, accordingly. Js.rek;ei the aperture 41e. 
The lower surface portions 42f - are tertibved ^frpm the 
semiconductor chips 42a to 42d after the assemblage of 
the semiconductor chips.42a to 42d with the insulating 
carrier rrierlibers 41 a to 41 d/; ' 

: The arrayts of. pads are connected through tiie 
bonding wires 43 to the conductive patterns 41f. respec- 
tively, and the serhicbnctuctor chips 42a to 42d. the con- 
ducftrt^e patter rts 41 f and the boriding wires 43 are 
sealed in the synthetic resin layer 44a to 44d. The.syn- 
thetic resin layers 44a to 44d are effective against, 
humidity, and, do not allow the bbriding wires 43 to be 
mdved or discorinected. ; 

Only extremely :thin sur^ce pbrtibh of a semi- 
ophdiictor waferis consiimedjn a fabrication^^p of. 
the integrated circuits, and the remaining portion only 
inriparts the rigidity to the semicoriductqr wafer. The 
separation.of the senfiicoifK&Jctbr wafer into the semicon- 
ductor chips 42a to 42d and the asiserrtriage with tile 
insulating ceu^rier rnentf^ers 4la to 41d require sufficient 
rigidity. However, after the assemblage of the semtcoh- 
ductor chips 42a to 42d witti tiie insulating carrier riiem- 
bers 41a to 41d. the large rigidity is^ less iniportanl For 
this reason, the lower portion 42f is renx>ved from the 
semiconductor chips 42a to42d, and only the extremely 
thin upper surface pqrtibris 42e are left in the three- 
dimensional multi-chQ>rnoduie according to the present 
invention. The upper surface portion 42e is 0.10 to 0,30 
millimeters thick; and miakes the total thickness of the' 
module thin. 
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In this instance, the conductive pattern 41 f and the 
through-holes 41 g as a whole constitute conductive 
means. 

Figures 9A to 9E illustrate a process sequence for 
fabricating, t^ three<dimerisionj^^ mtdti-c^ip 
Rrst the insulating earner merrier 4ia is placed on a 
work table 46, and the aperti^e 41e.is aligned with a 
recess 46a formed in the work table. 46. 
: The semiconductor chip 42aL is put in the aperture . 
41 e. and the aperture 41e receives the upper suf^ce 
portion 42e. The recess 46a loosely receives the lower v 
surface portion 42f as shown iniigure 9A. 

Sut>sequentiy, the conductive pads 42g are con- 
nected through tiie bonding wires 43 to the; conductive 
pattern 41 f by using a wire-bonding technique as shown 
irtfigure SB:- ; ; 

SyhtiiiBtic resin liCjuid fills the recess 45.;Wh(Bn-the 
\ s^the^tic r^'n is set. the conductive pattern 41f, the 
semiconductor chip 42a and the bonding\Wires 43 are 
sealed in the synthetic resin layer 44a as shown in fig- 
ure 9C . The synthetic resin layer 44a fixes the siemicorh 
ductor chip 42a to the insulating carrier m^hiber 41a. 
arKi prevents the kDondirig: wires 43 from disconnection. 
In other words, the' lower surface portion 42f becomes 
less important^ J ^ ; - ; ^ 

. Thus/ the s;emicondtictor c^^^ is assembled 
with the insujatihg cairriier member 41a, and is moved 
from the work-table, for remoying the lower su rface por- 
; tion-42f; - • ■ : • ^: 

A grinding machine, a polishing 
grinder and an etching systerti are'available fbr remov- 
ing the lower surface portion 42f, and the reverse sur- 
face of the semiconductor chip 42a becomes 
substantially coplahiar vwth the reverse surface of the 
irisulatirig^bottom plate of the carrier member 41a as 
showhjn figure 9D. / . 

The semiconductor c^^ concur- 
rently or sua:essiyelyasserhbled. with theinsulating carr 
rier members 41b to 41 d, arki.theioyirer suifaCe portions 
42f arexremoved .froni the semiconductor chips 42b to 
42d as similar to the semicohductbr ctiip 42a shown in 
figure 9D. v 

. ; The insulating canier inembers 41a to 41d are, 
stacked witii one another, and hrietai or donductiverresin . 
electrically connects the: conductive patterns 41f by 
using the through-holes 41 g as shown in figure 9E. 
Cohduc^e pins (not shown) may be used for the inter- 
connection. 

As described hereiht^efore. the upper surfece por- 
tion 42e ranges 0.10 to 0.30 nrjillimeters tfiick. When the - 
semiconductor chips 42a to 42d are stacked by means 
• of the insulating earner members 41a to 41d, the three- 
dimensional rhulti-d^ip module falls between 0.4 millim- 
eters thick to 1.2 millimeters thidc A TSOP (two-sided 
thin small-outiine package) is presentiy thinnest, and 
the thickness of TSpP is of the order of 1.0 millimeter. 
Therefore, the tiiree-dimensional mufti-chip niodule* 
according to the present invention is equivalent in thick- 
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ness to the TSOP. and the packaging density is four 
timeslarger. 

Rgure 10 illustrates a modification of the insulating 
carrier member 41a to 41d asseinbled with the semi- 
conductor chjp 41a to 41d incqi^^ a three-, 
dimensional multi-chip mbdule according to the present 
invention. The modification includes an insulating car- 
rier member 47. and d partition wall 47a defines an 
upper cavity 47b arid a lower cavity 47c. An aperture 
47d is formed in the partition Wall 47ia, and receives a 
semiconductor chip 48. A lower portion is removed from 
the semiconductor , chip 48 as similar to the semicon- 
ductor chips 42a to 42d.. and the. reverse surface of tiie 
semiconductor chip 48 is. exposed to ti^e lower cavity 
47.' • . • / V ■ ' -■• . ■ 

A synthetic resin layer 49'fixes.the semiconductor 
chip 48 to tWe insulating carrier rnember47. Conductive 
pads of toe semiconductor chip 48 are connected 
through bonding wires: 50 to a conductive pattern of the 
inbyating carrier riienriber 47. The cbruJuctiye (Datlern is 
electrically conhected to conductive tlirough-hple$ '47e, 
and the conductive pattern and the thrbugh-hbies 47e 
as a whole constitute conductive means. . 

A heat sink 51 is attached to the reverse surface of 
the semiconductor chip 48, and is accpmrnodated in.the 
lower cavity 47c. V ' \ ^ •' ■ ' : - . ^ • ^ 

When amother bd^^ is stacked with the modifi- 
cations shown in figure 10, ai three-dimensional multi- 
chip module, has heat sinks T extending in perpendicu*- 
liarvto the' paper, wherie figure 1 1 is illustrated.; Though 
not shown in figure 11, a gap takes .place between the 
synthetic resin layer 49 and the heat sink ^iereover, and 
metal or thermorconductive resin fills the gap. The 
nrietaliayer or the thermo-conductiye resiin not only fixes 
the synthetic resin layer 49 to the heat sink 51 but also 
radiates the heat to the heat sihk 51 . The heat sink 51 is 
attached to the mother board 52, and is shared between 
the three-dimensional multi-chip module and tiie mother - 
board^.':- y-,;:-- - 

Third En 



Rgures 12; ^.13A to 13H and. 1 4 illustrate a pi^oc^ss 
of: fabricating a three-dimensional mufti-chip module 
45 embodying the present invention. A connposite insulat- 
- ing carrier member 60 has four recesses 6da, .60b. 60c 
and 60d^ and four apertures 60e. 60f. 6dg.and 60h as 
shown in figure 12, and is equiyaient to four insulating 
/Carrier meinbers 41a/41t3/41c/41d two<Jimensionally 
50 . arranged. The apertores 60e to 60h are Slightiy wider 
than seniiconductor d[itps,arKJ semicorxiuctor chips a^^ 
insertable in the apertures 60e to 60h. resipectively. 

The fabrication process sequence starts with prep- 
aration of the composite insulating carrier memk>er 60. 
ss and conductive, patterns 601 are formed on the; inner sur- 
faces of the corhposKe insulating carrier member 60 as 
. shown in figure 13A. The composite insulating carrier 
member 60 is placed on a vyprk table 61. and the aper- 
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tures 60e to 60h sure, respectively aligned In this instance, the .integrated circuits are sub- 

: 6ia formed iri the work table 61. je(^edtdthe test after the renioyal'iDfth^ 

The semiconductor chips 62 are respectively put in 62c. However; Ihe test may be tsurri^ 

the apertures 60e to 66h, and upper surface portions ' . irig step. , . 

'62a of the serraconductor chips. 62. eure respectively s iThe corrposite jnsulatirig carrier mehibersleo.ara 
accommodated in the apertures 60e to 60h. Arrays of. -stacked and aligned with one another, and ar^ 

conductive pads €f2b. are reispectivety formed on the by using, metal of conductive . resiii/ When the metal is 

upper.sur^^ arid are . . used, the metal fpnris inserted betwe^^ 

substantially cq[>lanai' with the conductive patterns 6pi. insulating carrier members 60 are ref lowed, or the corn- 
The. recesses 61 a loosely receive the lower surface por- . io: pbsite insulating carrier members 60 are welded: On the 

tions 62c as shown irrfigure lSiB. other hand, if the conductive resin is used, the; co^^^ 

Subsequentiy, the arrays of conductive pads 62b . five resiri layers are thermally br optically set so as to 

are connected through the bonding wires 63 to the conr . connect the corrposiie irisulating c^rriier menders 60 to 

ductri/e pattern 61 1 by using a wire-tx)nding technique one another. As a result, a stacked structure 66 is fabri- 

as shcfwn in. figure ISC: is cated as showrt infigiire 13G. . . . 

Syntfietic resin liquid fills the recesses 6Pa to 60d. % SLd>seiquentiy, the stacked structure 66 is sepa- 

When the synthetip resin is set, the conductive patterns rated to four three-dimisnsional multi-chip modules. A 

601, the semiconductor chips 62 and the bonding wires dicing nhachine! a scribing machine or a laser scriber 

63 are sealed in the synthetic resin layers 64 as shown forms separation lines in . thej stad^ed structure 6^ 

in figure l 3D., The synthetic resin layers 44a f^ dicing machine is used^ the stacked structure 66_ is 

icohductor chips 62 to the composite insulating carrier placed on a tattle 67a, and a blade 67b cuts the stacked 

. member 60^ and preyerijt the bonding wires 63 from dis- sti-ucture 66 as shown in figure 13H. If a choco-breaiking 

ebnnectfonr \ ' technique is used, breaking jihes are formed 

Thus, the semiconductor chips 62. are assenrible^ posite insulating carrier rnernbere 60 before the^ 
. with the Gbirposite ihs^^^ 

krelmpv^ ffomt^ for remibvjng the lower ; . The stacked stmcture 66 is separated in^^ 

surface portions 62c. three-dlrhensidnal multi-chip modules 68a to 68d as 

A grinding rnaqhine, a polishing.machine, a surface ^ shown in f igure 1 4, and the three-dimensipnal miilti-chip 

grtrKJer arici an etching s^teni are available for remov- modules 68a to 6iBd are subjected to the final test, if 

. ing| the lowersurface portioris 62c,^^ . 30. necessary. ; 

faces of the - semiconductor : chips 62 become ' : The compoisite insulating carrier member 60 is 

sul>stantia!ly coplanar with the reverse, surface of the desirable for a mass prbductioriiairtdded'eases the pr^^ 

insulating bottom .plate of the composite insulating car- / ductioh cost of the three^iimehsibnal multi'^hip module 

. ner merrtoer 60.as shown in figure i3E. • 68a/68b/68c/68d. ' 

If ball grid arrays are necessary on the reverse sur- 35 Although particular enibpdiments of the present 

faces of the semiconductor diips 6^^ iriventi'on have been shown arid described, it will be 

' concurrently, forrris the ball grid^rrays (not shown) on . obvious to tho^e skilled in the art that various changes 

the reverse .surfoces of tiiVWmick^ 62 and.modificatibhs may be 1^ 

through a solder bsJI forming prb^ the fsplrit and scope of .tiie preSen^^ 

pririting process or a dispense process^ and the t>^ll grid 40 \ For example, different integrated circuits may be 

arrays are regulated to a predetermh formed.ih the semiconductbr <^ips 21a to 21d or 

Though not showh in tae drawing^^ cohductiye More than or less; thjanj^^ 

patterns 60i £u^^&qx)sed to tfie upper surface of tfie stadc€Kjonthe insulaf^g^nriJ; Simila^ 

corrpbsite Insulating carrier mender 60, and the menu- . less than four ^ insulating , carrier . members may be 

facturer ched^ the integrated drcuits forrried in the 4S>'' stacked so as to f^Hcate the stacking structure. 

serrvconductor chipS'62 to see whether o^^^ The coriductive rheans are not jirnited fo^ 

' grated drcuits function withbut a trouble. In detail. . nation of corkluctive-patterri/^rough-hole^ tiie 

probes 65 are brought into contact with the conductive oomt»natioh of cohductive-pattern/ball grid airay. 

patterns exposed to the upper surface as. shown in-f ig- A composite insulating carrier rriember may be 

ure 13F,.and test patterns are supplied frorti the probes so asserhbled with more theui or less thari four semicon- 

65.j#irough the djnductive patterns to the integrated dr- , . ductbr chips. 

' cults. The integrated drcuits respond to the test pat- Rnally. more than one insulating carrier 22. may 

terris so as to produce output signals, and an analyzer form a composite insulating carrier as similar to the 

(not shown) ' examines; ;the output signals supplied . composite irisulating carrier rii^rt)^. 60. 

thipugh the probes so see w^^ 'ss . 

signals are. matched with expected signals, the test is " - Claims ; ' • . . 

repeated three times- i.e..^ before a burn-in. during the . ' ; 

InjrriTin and after the txjrn-in.' 1. A three-dimerisibnal multi-chip module coniprising: 
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an insulating canier (22;. 25; 29). including a 
nnajor surlace, an outer surface and conductive. ; 
means (22b/22c; 25a/25f; 29f^9g) expDsedto 
. said meyor surface and said outer sur^ce, 
characterized by furthjsr comprising: 5 
a stacked semiconductor chip structure (21 ; • , 
26; 30} supported by said insulating carrier (22; 
25; 29)r and including a plurality off ^serracoh- 
ductpr chips (21 a to 21 d) each having an inte- 
grated d rcuit and conductive pads (2 1 h/21 i) 10 
formed in a peripheral area thereof and electri- 
cally connected to said integrlEited^jrcuit and at 
least one insulating adhesive compound layer 
:(21e^ify2lg) inserted between a central area 
of one of said pluraJity of semiconductor chips is 
and a central area of another off said plurality of 
V semieonductdr chips; and 

conductive . wires (23; .27: 31) connected . 
. between said conductive pads of said plurality 
of semiconductor ..c^ips and said condubtive 2a 
means of said insulating . carrier. . ' 

2. The threeKJimensional niultirchip m 

forth in cfairh 1^ further coniprising an insulating 
resin layei^ cpyeripg siaid conductive pads, said con- . 2s 
. ductive; means and said conduc^ivie w^ 

3. The three-dirriensibnal multi-chip, module as set 
fbrth in daim i; in which said nriajor surface d^ines^^ 
a cavity (22a: 25b; 29c) wfiere said stacked semi- 30 
conductor chip structure is accbmniddated, the 
depth of; said cavity being equal to= or greater than, 
the. height of said stacked:; semicoriduetor chip . 
structure. ^ ^ .r 

4. The three-dimensional multi-chip module as set . 
forth in daim 3, further comprising ah insulating 
resin layer (24; 28; 32) filling said cavity so as to 
heirnetic^Hy sisal s^ stadced. sem.lcpriductor chip 
structure, said cphduciive means :and said conduc- . 40 
tiye wires therein. . . 

5. . The module as set forth in any of d^inris 1 to 4, in 
whidi a cotKluctive pattern (22c; 29f) formed on 
said major, surface and conductive : through-holes 45 
(22b; 29g) exposed to said outer surface constitute . > 
^ . said conductive means.. 

6: . The module as set fbrtfi iri any of daims. i to 4. in 
which a conductive pattern (25a) formed on said so 
.major surface and a ball grid array (25f) constitute 
said conductive means. 

7. The nnodule as set forth in any of daims 1 to 6, fur- 
ther comprising a heat sink (33) attached to one of . ss 
said plurality of semiconductor chips at the lowest 
position in said stacked semiopnductor chip struc- 
ture. 



8. A three-cGmensional multi-chip module conprising 
an Insulating cam*er for accommodating sennticon- 
ductor chips. . . ' 

: characterized in that 

' . ' " .. • • * . 

said irisulating carrier includes a plurality of 
insulating carrier members (41 a-41d; 47) lami- 
nated on ;each other; >ach; of said plural'ity of 
' insulating carrier menrbers having a first inner 
. surface, a second inner surface defining an 
opening (41 e; 47d), an outer surface and con- 
ductive means (41f/41g) exposed to said first 
inner surface and saki outer surtece, 
said three-dimensional multi-<:hip module' fur- 
ther comprisingf 

"a plurality of semicorKluctor chips (42a-42d; 
48) each accommodated in said opening, each 
of said plurality of semiconductor chips having 
conductive pads (42g) formed on a first surface 
. portion (42e)« an integ|rated circuit forrhed in 
said first surfacd- portion .(42e) and a second 
surface portion (42f) removed therefrom; and 
a plurality of sets of conductive wires (43; 50) 
each connected between said conductive pads 
- ^ of each of said plurality of semiconductor chips 
^ . and said . conductive means of one oif said ptu- 
rality off insulating carrier members. • 

9. The three<limehsi6nal itiultiH:^^ set 
forth in claim 8. in. which said first inner surface 
defines a . cavity to which said opening. (4ie) is 
exposed: 

10/ the three-dimen^iphal. multi-chip nrodule as set 
forth in claim 9. further comprising pieces of resin 
(44a'44d) each filling said cavity so as to not only 
. hernietically seal said conductive pads, said con- 
ductive: pattern cuid the set of :conductive wires 
.. therein but also.f ix one of said plurality of semicon- 
diictor chips to asspdated one of said plurality of. 
insulating carrier menibef^^ : . j 

11. The three^liifnensional. multi-chip module as set 
forth in plaims 9'or .lOi ffurtfier comprising a plurality 
of heat sinks (51 ) r^pectiyely attached to said plu- 
rality of semiconductor chips. • 

12. The module as set forth in any of claims 8 to 1 1 . in 
which a conductive pattern (410 and coriductive 
through-holes. (41g) constitute said \ conductive 

.. mlBans. I 

1 3. A process of fabricating a tiiree-dimiensional nriulti- 
- chip niddule, comprising the steps of : 

a) preparing an insulating carrier (22) including 
a major surface, an outer surface and conduc- 
tive means (22b/22d/22e) exposed to said 
major suHace and said outer surface; 
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b) mounting a semiconductor chip .(21a) on 
said insulating cannier, said semiconductor chip . 
having a central area^ a peripheral area around 
said central area and conductive pads 
{2Ah/2'\i); e\e^\c^^ .an .inte- s 
grated circuit and exposed to said peripheral 
area; ' 

c) p6nneGting said conductive pads (21 h^lj) to 
said cdhductive rrieans (22d/22e) through con- 
ductive, wires (23); : 10 

d) coating said central drea with an adhesh/e 

compound layisr (21 e); 

e) placing a^nother semiconductor chip (2 1 b) on 
said Adhesive con^ipound layer (21 e), said 
another Semiconductor chip hjaVing a: central is. 
areai a periph^al area around said central 
area and conductive pads (21h/21i) exposed to . . 
said peripheral area; eund 

f) connecting said cond.u^ve pads(21h/21i) of 
said another seNcopciuctpr^^^ 20 
ductiVe means :(22d/22e) through :c6nductive . 
wires (23); and 

g) repeating said steps d), .e) and'f). Jf neces-. . 
sary^ /■ " ■ : ~.* ' 

: -' . •• " . ■: .' '- . : - ■- " ^ ■ .: 25 



1 4. The process as set forth in claim 13, in which! said 

i major surface defines a cavif/ (2^ ; 
semicbnductpr chips (2ta-21d)j/iare aci^^^ 
dated, the d^tti of said cav^ 

greater thain the tiptal; height of tfie s0rnicoixiuctor 30 
chips and said adhesive cpmppu^^^ 

15. The process as set ft>rth jn claim 14i further corti- 
prising the step of : supplying resin (24) intd said 
cavity (22a) so as to hernrietically^ seal said sem^ 35 
conductor chips (i2ia-2ld)v Said, com- 
ppund layer or layers (21e^^2 

, means (4liF/41g). said ^hductive pads (42^^^ and 
. said corxJuctive wires (43) in said resin -after said 
Stepg)./- : • ' 

16. A process of fabricating a tfirele-dimensibnal nujjti- 
chip rhpduie, oomprising thest 

a) preparing : a/ piurali^^^ insulating carrier 4S 
members (41a^1d) eaqh having a fir^ innier . . 
sur^ce. a secorid inn^ ' surii^ce definiiig an 
opening (41 e) . an outer surface and conductive 
means (41 f/41^) exposed to said first inner sur- 
. face and said outer surface; ' . ' so: 

, b) accornrnodating' each of semiconductor 
chips l[42a-42d) in said opening of one of said 
plurality of insulating cairier mernbers, each of 

; said plurality of semicoriductor chips having 
condudtiye pads (42g) forrhed on a first surface .55. 
portion (42e) thereof received in said cavity 
and a second surface portion (421). projecting - 

. from said opening; 



c) connecting said conductive pads of each of 
said plurality, of semicorKluctor chips to said 
conduc^e means of one of said plurality of 
insulating carrier members through conductive 
"wires (43); \ _ : 

d) removing said second surface portion (42f) 
' of Siaid each of isaid plurality of sismiconductor 

chips so ia^ to peirfectiy accommodate said 
each of said plurality of serifiiconductor chips iri 
said opening of said one of said plurality of 
insulating caiTie'r ni^rnber; arxl V 

e) stacking said plurality of insulating carrier 
members (41 a-41d) in stich a manner that said 
conductive means of one of said plurality of 

[ irisulating carrier members are elecb^ically .con- 
. nected to said conductive, means of iariqther of 
ssUd plurality of insulatihg^^ 

17. The process, as set fortii in claim 16, in which said 
first inner surface ddfihejs. a cavity >(45) to which said 

' opening (41 e) is exposed. 

18. The process as set forth in claim 17, further com- 
prising the sti^ of filling said' cavity- resin 

, ' (44a^44d) so ias to not only hermetically seal said 
conductive pads,. sakJ conductive means said 
. conducive wir^^ also fi)< each of said 

- plurality of semicoriductor chips to ari asisbciafed. 

on^Vqf said plurality of insulating carrier meriibers 
' Ibe^ieieh said st^ c) a^ 

19- The prpcess a^ in. claim 16, .17 or iSi in 

which s-aid secorKi* inner surface further defines at 
, least brie opening (60e^0h) where ariother of said 
plurality of semiconductor chips (62) is accomrnb- 
dat^ed in said step b), said another of said plurality 
- . of serNobrKiuctor chips (§2) being freated as similar 
to said €^ch of said pl^ 
in said steps c) and d), . 

said process further comprising the steps of 
separating ssiid plurality of ihsulatihg carrier 
/ menders stacked with one anoth©- ihtb a plii- 
. rality of three-dirriehsipnal multi^ip niodules. 
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